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(54) Magneto-optical head and magneto-optical device and magneto-optioal 
recbrdlng/repioducing method . 

(57) The light emitted from a light source (1) is con- * 
verged by an objective lens (5). and an auxiliary lens 
(SIL6) increases an effective numerical aperture to 
project the light on a recording medium (9). The temper- 
jEiture of a recording mark recording information on the 
fording iti^umi^ prpjestioh of tifte 

light, and saturation magnellzatipn which is in accord- 
ance with the informatidn is generated; thus g«ierating 
rriagrietic flux. A reproducing magnetic layer (7). which 
is provided on the auxiliary lens (SIL6) and v^^ 
larger than the recording mark has magnetisation which 
id aligned in direotlon over the entire dbmajn of the 

fistic f tox g^S^tiSi; 

fers the infbrmation by iemporarily enhancing it^^^ 
magnetization generated qn the reproducing magnetic: 
layer ("^ has an effect on thepolarization direction of the 
reflected light at the: reproducing magnetic layer The 
reflected light from the reproriiidng magnetic layer 
reaches a photodetectbr (12) through an analyzer (Wol- 
iaston prism 4) to geneiate a repixxiuo^ sigiial, Uiei;eby 
incraafiiF^ racordin^ density by maains of preventing a 
reproduced cignal amplitude *rom Ijeing reduced when : 
the recording mark of the rhagrfett^ojiirtlcat re^^ 
medium is reduced. 
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there is a limit in reducing the wavelength of the light 
source or increasing the NA of the lens, and as it cur- 
rently stands, it is difficult to effectively increase record- 
ing density by these measures. 
[0008] In view Qf these drawbacks, for example. 
JOLirnal of The Magnetics Sodety of Japan, Vol: 19. 
Supplement. No. S1 (1996). pp. 421-424 (Document 1) 
recites a magnetically induced super resoiution ("MSR" 
hereinafter) technique, which is the method for iricreas* 
to tng recording density by ifhprovirig the repiroductng 
BACKGROUND OF THE INVENTION . oluton with the use of a niagneto-optical recording 

medium which is conrposed of nregnetostatically cou- 
[0002] Actual application of magneto-optical disks. pled two magnetic layers and biy utilizing a temp^ature 
which are one type of magneto-optical recording distrbution of the light beam spoi. 
medium, has been realized as an external menriory is [OOOdl Also, for example. Applied Physics Letter No. 
. device of a computer. ! 69 (27). 30 December 1996, pp. 4257-4259 (Dobument 

[0003] . The recording density of the magneto-optical 2) recites that information is reproduced while applying 
dsk is limited by the isize of a light beam spot ori the an alternating magnetic field to an MSR medium 
magneto-optical disk. Tliat is. as the diameter and inter- enploying magneto-static coupling so that a recording 
val of recording marks become smaller than the size of 20 mark is enhanced when transferring the recording mark 
the fight beam spot the light beani spot would contain of the recording layer to the reproducing layer, thus ■ 
plural bits, making it impossible to separately reproduce increasing the amplitude of the reproduced signal, 
each recording bit. [0010] As another method of inaeasing recording 

[0004] The reproducing resolution of a signal is density without reducing the laser wavelength, the 
essentially determined by the wavelength X of a light 2s numerical aperture (NA) of the optical system is 
source of a reprodudhg optical system and by the increased. For example. Appliied Ph^'cs Letter, Ho. 
numerical aperture NA off an objective lens, and the 68(2). 8 January 1996. pp. 141-143 (Document 3) dis- = 
spatiar frequency 2NA/X sets a limit of reproducttoh. doses a technique in which cvi effective is I 
Thus, to increase recorcBng density, one can take a with the use of a solid immersion lens (SIL) so as to 
measure of redudng the light spot diameter of the so reduce the beam spot 

reproducing device by making frie wavelenjgth v of the [0011] The following will describe Document 1 in 
light source shorter and/or by using a high NA lens. . more detail refen-ing to Fig. 1 3 and Fig. 14 

[0005] As such, in recent years, to increase record- [Q012| Fig. 13 shows a representative arrangement 
ihg density off the hfiagnetorppticial disk, research has of a conveitional MSR magneto-oplicaff recording 
been hfBde to actuafly reduce the spot diameter of th^ medFum. On a trajisparent substrate 61, there are 
reproducing device by reducing the wavelength of the deposited a transpairent di^^^ reproducing 
laser iigm used torrecording and reprodudhg, and/or by layer 63. franeparient dieieKStri 
using a high NA lens. For example, to reduce the wave- 65. and transparerit dieliactric layer (B6. 
length of a laser light, there fe research on a semicon- [0013] The recording lay«- 65 records magneto^ 
ductor blue laser, or research in which the wavelength of 40 optical information in the forrri of a change in length of 
a laser light is reduced from around 800 hm to 400 nrh recording ri terks. However. F j g. 13 and Fig. 14 illustrate 

merit (SHQ)..Thes;erelseairchha^ because ret^bdurt&rT i^^^^^ 

which can be brought into actual applicati'bh due to ^ would automatically alidw reproduction of signals of 

stability, performance, and cost. However, once real- 45 longer recording malrks. Thus, it is assumed that the 

ized, it is certain that they wfll bring higher density lengflhs of recbrdirg marks are the same, and a region 

recording of information than that offered by the cirrerit in which the shortest recording n^rk is to be formed is 

optical disk systems. schematically divided into domains In the tolliwing. 

[0006] However, the wavelengtii of a semitionductoi- each domain will be refen-ed to as a magnetic domain, 

laser as currentiy a>^labld in actual application is only so [0014] Each of magrietic domains A tiirough I 

around 650 nm. . recordsa sigrial as showri in F^g. 13 and Fig. 1^ 

[0007] Further; when a high NA lens is used, the ; thpus^i the repro-diwing la^^^^ is notdivided intoaplu- 

deptii of focus Is reduced, and high precision is requ^^ ralHy drnaignetic domains unlike 

in tiie distance ksetween the lisiis and disk, and It tor convenience of explanation. (ref^ toRgs! 4(a) and 

beajmeo. difficult to manufacture the optical disk witii 55 4(b) and Rg. 14). domains of reprodudnig layer 63 cor- 

predslon. For this r^son. tiie NA of the lens cannot be responding in position to the magnetic domains A 

increased substantially, arid the lens NAw^^ . through t 6f the recording layer 65 are indicated by 

: brought into actual application fe only around O.a domains A* through I'. 



Descrfptloh 

RELD OFTHE INVErNfTION 

[0001] The present invention relates to a rhagneto- s 
optical head, magnetoroptical device, and magneto- 
optical recording/reproducing method for use in an 
external memory device of a computer, ete., and for 
recording and reproducing of audio and video signals: 
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[0015] The following considers the case where 
laser light is projected on the center of magnetic domain 
E of the recording layer i65, spreading oyer the region 
larger than the magnetic domain E. The temperature 
distnbution of the recording layer 65 would then take the s 
shape in vvhich a high tenperature portiori (e.^., 150*0} . 
IS found at the siteof the recording mark E and the tern- 
pei^ature decreases as it moves further from the mag- 
netic domain E. Further, the size of saturation 
magnetization also takes the distribution which reflects to 
the temperature distrbution of the recording layer 65 
and it becomes ma»mum in the magnetic domain E. 
[0016] Meanwhile, the reproducing layer 63 has in- 
plane magnetization parallel to the plane of the film 
(perperidicular to the plane of the paper) at room tern- is 
perature, and it has a "mask regbn" from which no sig- 
nal is reproduced. 

[0017] B/ being heat^i to a high temperature by 
projection of a laser beam, themagnetization of the 
reproducing layer 63 becomes smaller and the reprb- 20 
dudng layer 63 comes to have perpendicular magneti- 
zation, forming an "aperture region" to which the 
magnetization of the recording layer 65 is transferred by 
a magneto-static force. 

[0018] In reproduction, a temperature distrbulion is 25 
generated in the laser spot, and a signal is reproduced 
only from the aperture region formed at the higK tem- 
perature portion of the temperature distribution. 
Namely, by the magnetic f tux generated fronri the mag- 
netic domain E, adjoining portion E' of the reproducing 30 
layer 63 is subjected to a force (magneto-static force) 
which is in accordance witii the saturation magnetize- . 
tion of ttie nnagnetic domain E, making saturatk>n mag- 
netization pfmagnetic domains E and E' in line..ln this 
rnanner, in the transfer of a recording mark of the 35 
recording layer 65 to the reproducing layer 63, transfer 
of a signki to tiie reprodudhg layer 6^^^ 
magnetic domain E. and the recording nnarks of the 
other magnetic domains (A through D and F through I) 
are not tiransfen^ed and rennain as a rnask region, thus 40 
lintiting tiie signal reprodu cing region and effectlvety 



which the direction of IM magnetization in the plane of 
the reproducing layer 63 represents y axis, and tiie 
direction orthogonal to y axis represents x axis, and tiie 
direction which is orthogonal to the both axes x and y 
and which is in the dirisction of layer deposition repre- 
sents z axis. In the recording layeir 65, tiie directions of. 
TM magnetization and saturation magnetization are 
parallel to z axis, and due to the fact that tiie composi- 
tion of the recording layer 65 is TM rich (sub-lattice 
magnetic moment of tiie transitioh metal at room tem^ 
perature exceeds sub-lattice moment of ttie rareeartti 
metal), TM magnetization and saturation magnetization 
direct in the same direction. On the oUier harid, at a low 
temperature portion of tile reproducing layer 63. tiie 
directions of IM magnetization and saturation magneti- 
zation are found witiiin the x-y plane, and bythefacttiiat 
tiie composition of the reproducing layer 63 is RE rich 
(sub-lattice magnetic moment of tiie rare earth metal at 
nspm temperature exceeds subMattice moment of tiie 
ti'ansition metal), the saturation magnetization and TM 
hiagnetizatioh direct in the opposfte directbns. 
[0021] When a laser spot is projected on magnetic 
domain E in reproduction, by tiie rnagnetic flux gener- 
ated from the magnetic domain E, the saturation rriag- 
netization of E* of the reproducing layer 63. which has 
risen to a high temperature becomes in acdordahce with 
the saturation magnetization of magnetic domain E. The 
site of the reproducing layer 63 other than E is at a low 
temperature and tiie magnetizatton therein remains In. 
tn-plane direction (x-y plane).. 
[0022] - Incidentally, in magnetic substances, wtien 
inagnetization is in ctose proximity, by the exchange 
interaction, there wnaes a force (exchange force) which 
acts to align the TM magnetization in the same direc- 
fioh. .ln the reproducing layer 68, each TM mtaghetiza- 
tipn of A' to T is exchange-coupled with adjacibnt TM' 
magn6tizatk)n, and the TM niagnetiziatibn of EVis 
exchange-coupled witii the TM magnetization of adja- 
cent DVand F. Namely the TM magnetization of £ is 
subject to a force of TM magnetization of D* and F, 
w hich fo rce a cts to direct the dirie dion of T M magnetiza- 



[0019] Thus*- even wheh tiie recording riiark^ is 
snnalier than the beam spot diameter, information can 
be read out wrthout interfering with recording marks of 45 
adjacent magnetic domains, tiius increasing the repro- 
ducing resolution of signals and realizirig high density 
recording. Further, because the a<jjaGent tracks at rooni 
temperature make up a mask region, a signal leak 
(cross talk) from adjacent tradks hardly occurs. As a w 
result, tiie intei^ls t>6tween reicording trades can be 

.reduced. • ; ^ :.. . • 

[0020]' . Fig. 14 describes how this is. done in more . 
detail. As tiie materiarot the reproduciiriglayer 63 and 
recording layer 65, an alloy of rare earth metal and tran- ss- 
shion metal (l=lE-TM) is used. It is assumed heire that an 
x^y coordiriate system IS bund witNn a p 
the recordir^ layer^'63 ariij rejsrojcludhg.' layer 65. In ... 



hetizatioh of D' ahcJ P are subjed to a force of the TM- 
miagnetization of E*, which force acts to direct the direc- 
tion of the TM magnetization of D' and F* in a perpendic- 
ular diredion. However, the TM magnetization of D' and 
F are subject to a: force respectively from C and G\ 
which are adjacent to D' and F r^ectively on the otiier 
sides of E\ which force acts to dired tiie TM magnetiza- 
tion of D' and F' in an in-plane direction, and because 
tiiie force |s large, the TM rnaghetization of [)' and P are 
stably direded In an in-plane diredid^^^ 
[OtiHb] Thus, trknsf^ of a! recording mark from the 
recording layer 65 to reproducirig layer 63 occurs at a 
$ite where tiie niagneto-static force between the record- 
ing layer 65 arid reprodudng : layer 63 es^eeds the 
exchange force within tiie ri^odudnq layer Tnat is. 
Iri'this case; the! eiGchange force^ m withlh'the 
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reproducing layer 63 acts to reduce the transferred 
recording mark. 

[0024] Fig. 15 shows recording mark length 
dependency of a reproduced signal amplitude when ttie 
conventional MSR magneto-optical disk as descrbed s 
above is reproduced by an optical system having a light 
spot diameter of 0.9 ^m. For comparison, Fig. 15 atso 
shows the result of reproduction with the use of a non- 
MSR conventional magneto-optical disk. Since repro- 
. ducing resolution is inriproved in the MSR magneto-opti- io 
cal disk, a larger reproduced signal amplitude is fbund 
with a smaller recording niark as compared with tlie 
conventional magneto-optical disk, 
[0025] However^ the prior arts have the following 
problems. is 
[0026] In the MSR technique as recited in [)oai- 
ment 1, to improve reproducing resolution, a mask 
region is providied over the reproducing layer, and the 
transferred recording mark is reduced as it is sufc^jected 
to a force of the mask region which acts to reduce the 20 
recording mark. When a small recording mark is repro- 
duced, a reproduced signal amplitude is also reduced, 
and a suffkiient signal amplitude carinot be obtained. 
This essentially lirriited the smallest recading mark 
which could be read out when reproducing the conven- 25 
tional MSR magneto-optical disk, and this Bmitation pre^ 
vented improvement of recording density. 
[0027] Further, when the rieproduced signal ampli- 
tude is to be made larger, an additbnal energy, etc., 
such as application of an alternating magnetic field is 30 
required in a r^oducing operation as in Document 2, 
which resulted in increased power consumption. 
[0028] Further, in^ the method using SIL as in Docu- 
ments, while it is ppsstole to reduce the beam sot diam-: 
eter, reprbduping resolution which exceeds tiie k)eam 3S 
spot diameter cannot be obtained, and even when SIL 
and MSR technique was combined, the problems still , / 
remain that the reiproduced signal amplitude is reduced 
when recording rnark Is reduced, and that it requires an 
additional energy to increase the reproduced signal 40 
amplitude. 



field and without reducing the reproduced agnal ampli- 
tude. 

[0031] In order to achieve the foregoing object/ a 
magneto-optical head of the present invention for carry- 
ing out recording and reprodudng on a recording, 
medium having a recording layer which has a ma)dmum 
value of saturation nragnetization between room tem- 
perature and a Curie temperature includes: an objective 
lens for converging light for raising a temperature of the 
recording layer; an auxiliary lens for projecting the con- 
verged light on the recording layer by increasing an 
effective numerical aperture; and a reproducing rriag- 
rietic layer, provided on the auxiliary lens, for reproduc- 
ing information recorded on the recording layer by 
temporarily enhancing and transferring the information, 
and the reproducihg magnetic layer is provided on a 
position on which the converged light Is projected. 
[0032] With this anrangement. by setting a spacing 
between the auxiliary lens and recording layer smaller 
than a wavelength of light, the light ^x>t which was con- 
verged by the ol3jective lens and which was ihaeased in 
effective numerical aperture by the auxiliary lens is 
transferred to tfie recording layer by the near field effect 
as set above, i.e.. projected on the recording layer. 
Here, compared with the case where the light is con- 
verged only by the objecKye lens, light can be projected 
on even a smaller area. 

[0033] Prpjection of the light causes the recording 
layer to generate a temperature distribution. As a result, 
at a portion of the recording layer which exceeds a cer- 
tain tenriperature. saturation magnetization becomes 
larger, and there generates iiiagnetic flux in accordance 
with pre-recorded information. Here, such a tempera- 
ture raised portion can be made smaller than a spot 
diameter of the light with the use of the light of appropri- 
ate powe|r. Thus, there generates magnetic flux from 
saturation magnetization v^ich Is directed in accord- 
ance with the recorded Irtfbrmation ov^r the region of 
the recording layer smaller than the spot diameter of the 
light Therefore, by setting the temperature raised por- 
tion to match the area of the recording layer oh which 



SUMMARY OFTHE^ i^^^^ 



[0029] It is an object of the present inventiori to pro- 4S 
vide a magneto-optical head , which |s capat)le of 
increasing recording density by means of preventing a 
reproduced signal amplrtude from being reduced ! 
a recording niark of a rnagneto-optic^^ recording 
medium is reduced. . 50 

[0030] The present invention w^s accomplished 
after extensive research by fifidirig that with the use of 
an SIL which indudes an auxiliary lens which is pro- 
vided with a rnagnetic layer for traiisfferring information 
written on the medium by ertfiancing the informatiohi a ss 
recording rnark which is even smaller than a bearn spot 
diameter, which \a«$ reduced/smaller ^lan Sib can be 
reproduced , wtttput app a reprbduclng magnetic . 



rnkrk" herelnMer). high density magnetic flux which is : 
in accordance with the information fi^om tfie information 
of each recording mari< can be genemted to readi the 
r^roducing magnetic layer. 
[0034] In the reproducing rinagnettc layer having an 
appropriate area, the directions of saturatbn magneti- 
zation are aligned over the entire reproducing magnetic 
layer m accordance, with the magnetic flux. Thus, by 
increasing the area of the reproducing magnetic jayer 
larger than the area of the recprding 
tiph recorded on the recording mark can be trahsferred 
to the reproducingmagnetic layer by being enhanced^ 
[0035] Meanwhile, by the reproducihg magnetic 
layer vyhich is provided on the position of the light spot, 
there generates reflect^ light by projection of tiie light. 
The reflected llgtit is rotated In the dlrecdori of the polar- 
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ization direction with respect to inddent light t>y the 
effect of the directions of the saturation magnetizatiori of 
the reproducing magnetic layer, and a reproduced sig- 
nal is generated based on this rotation in the polariza- 
tion cfirection. Here, because the nnagnetization 5 
transferred on the reproducing magnetic layer is 
enhanced, the quantity of the light which was rotated in 
polarization direction (Kenr rotation), i.e., which contains 
information, becomes larger than the case in which 
reflected light is utilized directly frorh the recording w 
mark, thus increasing a reproduced signal arnplitude. 
[0036] In this manner, the reproduced signal ampli- 
tude is prevented from being reduced even when the 
recording mark is made smaller, thus making it po^it)le 
to increase recording density while maintaining a targe is . 
reproduced signal amprrtud& 
[0037] As a result with the described an-angement; 
it is possitrie to read out a recording medium which 
records information in high density by the reduced 
recordingmark, thus realizing higher density recording 20 
of infbrniation than the oonyentional art 
[Q038] A magneto-optical device of tiie present 
invention includes the magneto-optical head as 
described above. 

[0039] With the above arrangement, information 2S . 
can be recorded arid reproduced in high^ density with 
respect .to a recording medium, which allows the use of 
a higher density recording medium than the conven- 
tional medium, thus increasing the amount of informa- 
tion per recorcfing medium to be inserted in the device. 30 
As a result it is possitrfe to reduce the size of the 
reoording meldium and the magneto-opttoal device to 
which the recoixiihg medium is to be inserted, arid the 
number of reicorcling nfiedium used can be reduced as 
well. . J5 
[0040] Further, with the described airangerheht 
high density recording of information is realized without 
requiring application of an epdemal n^ignetic fiekl. arid 
thus compared witii the conventional magneto-optical 
device whicfi realizes high density recording and repro- 4o 
dudnjg b y the method a i xo mpanying of an 

sunqstibh can bVreduced; 

[0041] "me method of tfie present invention for 
magneto-optically recording and reproducing informa- 45 
tion using a magneto-optical head for carrying cirt 
recording and reproducing on a recording mecSum hav- 
ing a recording layer which has a maxbtiiDTi value of sat- 
uration magnetization between room temperature and a 
Curie temperature indiides: an objective lens for con- so 
verging ll^-for raising a temperature of the recordlrig 
layer; an aujdilary lens f^^^ converged light 

on the recoiding layer by increasing ah effective niim^- 
ical aperture; and a r^roducing nniagnetic layef. pro-; 
vided bri the auxiliary lens, for reproducing inlbrmation . 55; 
recorded on the reccwding layer by tenfporarily enhanc- 
ing arxJ tnansferring the info'mation, the reproducing 
magnetic layer i3«;ng provided on a posltidh ph^^^^ 



tiie converged ligtit is projected, whereiri. in reproduc- 
ing, light is projected on the recording layer via the 
reproducing magnetic layer provided on the auxiliary 
lens, and information recorded on tiie recording layer is 
transferred to tiie reproducing magnetic layer by mag-, 
hetic flux generated froni the recording layer so as to 
reproduce the information using reflected light from the 
reproducingmagnetic layer, and in recording, light is 
projected on the recording layer by varying an energy of 
tiie light from that used in reproducing, and an eodemal 
magnetic field based on information to be recorded Is 
applied so as to.record the information oh tiie recoiding 



[0042] Witii this method, by varying the light energy 
between reproducing and recording, specifically, by pro- 
jecting tiie light of higher energy in reoordlr^ than iri 
reproducing, the recon:fing layer of the recording . 
medium is heated to a tenperature in the vicinity of tiie 
Curie tenperature. and by applying an external mag- 
netic field to a portion where the coercive force has 
decreased, information can be recorded in high density 
using a single magneto-optical head: As a result, it is 
possible to provide a magneto-optical device having a 
sirtiple structure, which can be easily switched between; 
recoiding and reprodudng operations. 
. [0043] In order to achiieve tiie foregoing ot^ect. the 
. magneto-optical head of the present Invention includes: 
an objective leiis for converging: light on a recording 
layer of a recording medium; an auxiliary l^s for allow- 
ing the light to travel toward the recording tayer by a 
near field effect by increasing ai numerical aperture of 
the objecQye lens; and a reproducing magnistic layer for 
reproducing information of a reoording mark by enhanc- 
irig and trarisferring magnetic flux whuch vvas generated = 
only from a single recording nijark of the recording layer 
by heat of the light Men on tiie recording layer, and tiie 
/eprbdudng magnetic layer is prbvkdkl bnr a's^ of tiie 
aiodllary len^ tbmrd which the light trave^^^ 
[0044] Wrtti this anangemeht, provided that the 
recording layer recording Information as magnetization 
within the recording medjuni is positio ned sufficiently 

:as^.f^tiictirr#is^^ 

from the side df the l^sreierihcnit Is^c^^ 
reproducing magnetic layer Iri tiie vicinity of the surface 
of the tran^arent element on tiie side of tiie recorcfing 
m^ium. the light is also transfenred to tiie reconcBng 
layer by tiie near fieki effect. The recording.layer. havihg 
received tiie light, is heated and oaiies to haye.satura- 
tion magnetization in accordance With recorded nfiag- 
netizatibn. . 

[0045] Here, when the light energy is appropriate, 
tiie.recording: layer can be hefrted only ori tiie vidhrty of. 
a portion of a single re»6oidihg^ to tiie reooixfing 
layer, thus generating strbrig saturation magnetization 
of a single recording mark. The magnetic flux generated 
from the saturation magnetization Is enhanced and 
transfen-ed to the reprodudng magnetic layer having a 
wider area; than that.of the reoording msirk. Ihe repro-- 
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ducing magnetic layer is irradiated by the Ijght, and gen- 
erates a reproduced signal using the relledted light 
which was subjected to . the effect of enhariced iand 
transferred magnetization. 

[0046] Because the magnetization contrit)uting to 
the reproduced signal is efihanced from the rnagnetiza/ 
tion of the recording mediiirh, the reproduced signal 
amplitude can be rnade larger, that is, even when the 
magnetization recorded on the recording medium is 
made smaller, the reproduced signal an^iitude can be 
prevented fronri being reduced, thus realizing high den- 
sity recording.of iriformatibnon.the reoordihg m^ium. 
[0047] F=br a fuller understanding of the nature and 
advantages of the invention, reference should be made 
to the ensuing detailed description taken in cprijunctipn 
with the accomi>ariying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] 

Fig. 1 is a concept view of a magnetonoptical device 
in accordance with one embodiment of the present 

invention. 

Fig. 2 is a scheniatic drayving of a magneto-optical 
head and recording, medium in accordance with 
one embodinfient of the present invention; and also 
is a graph showing a temperature distrOxition of a 
recording layer 

Fig. 3 is a graph showing magnetic characteristics 
of the recording medium in accordance with one 
embodiment of the present invention. . 
Rg. 4(a} is a schematic drawing showing; magnetir 
zation of a fieprpcfucing^^m^ layer in accord- 
ance with one embodiment of the present invention, 
and Fig. 4(b) is a schematic drawing shcrwing mag- 
rietization of the recording layer. ^ 
Rg. 5 is a drawing showing an anangenient of the 
magneto-optical device: 

Rg. 6 is a graph showing a comparison of repror 
duced signal amplitudes betwectn one emkjodimient 



10 



16 



25 



30 



taken along the line C - C. 
Rg. 11 Is a concept view of a comparative mag- 
neto-optical device. 
. Rg. 12 is a cross sectional view of a comparative 
magneto-optical head and a comparative recording 
medium.^ 

Rg. 13 is a schematic drawing showing a conven- 
tional MSR magneto^optical recording medium. 
Rg. 14 is a schematic view showing magnetization 
of tiie conventioiial MSB magneto-optical recording 
medium. 

Rg. 1 5 is a graph showing reproduced signal ampli- 
tudes of a conventional MSB magneto-optical disk 
and non-MSR magrietp-optical disk. 

DESCRIPTION OF THE EMBODIMENTS 



[0049] The following will describe oiie entKxf ment 
of tine present invention refemng to Rg. 1 through Rg. 
20 12. Note that the description will be given in the folldw- 
ingoider. 



0 Basic Device Structure 
®MSRS1L 

® Recording Medium and MSB Reproducing 
Mechanism 

® Tracking Mettiod and Focusing Method 



® Basic Device Structure 



Rg.: 7 is a cri»^ie^ of tti^ magnistb-opti- 

calheiad arki r(5kx>rdlhg mediurn. 
Rg. 8 is a graph showing a reproduced signal 
amplitude In accordance with one embodiment of 
the preserit invention 

Rg. 9(a) tiirpugh Rg. 9(d) are schematic drawing 
showing a. manufacturing method of the rriagneto- 
opOcal head, in which 9(a) and 9(c) are plane views ' 
relating to mam jfanturing steps, and 9(b) and 9(d) 
are cross sectiohal views of 9(a) 
along the lines A - A', and B - B\ respectively, and 
9(e) Is a perspective view showing the, magneto- 
optical head: 

Rg. id(a) is a planiB view stowing another manu- 
facturing niethod of thc magnetq^pplioat head, arid: 
Rg. 10(b) is a cross sectional.vieW of Fig. 10(a) 



[0050] Fig. 1 is a drawing which shows an optical 
system of an MSB magneto-optical recording/reproduc- 
ing device (niagneto-optica! device) in acoordaricewitii 
tiie present :en*odinrient Light ray >10;havirig a wave-. 

35 length of 635 nm, which was emitted from a laser diode 
(LD) (light source) 1 is lineariy polarized. in a direction of 
the plane of the paper, and it is converted to parallel 
. rays 10a by a.coiltmator lens 2. The parallel rays 10a 
having passed through a polarized beam splitter (PBS) 

40 3 are converged by an objective lens (optical system) 5 
of NA = 0.6 to be a light bearfi (light) idb. Between a 



ah au>aliary lens 6. and the light beam 1.0b is cprtverged 
on tiie plane 6f ttie auxIBary lens 6 on ttie skJe of the 

46 recording medium 9. 

[0051] The auxiliary lens 6 is composed of a spher- 
ical ler^ (lens elemerit. optical system) 6a and a trans- 
. p6u:em elemem 6b whkih is provided with a 
majgnetic layer 7, wherein the spherical lens 6a and 

so: reproducing magnetic layer 7 are paeted with edcfr 
otiier. Also, the auxiliary lens 6 is provided such tinat tiie 
tocusing point pt the c^jective lens 5 is on the sphiBricat 
ceriter of the spherical lens 6a; . 
: ... [0052] The auxiliairy lens 6 and recording rnedium 9 

55 are; provided to have a fine spacing therebetween, and 
the spacing is set to be sufficientiy small! e.g., around 
100 nm, and thus by converging light on the plarie of the 
= auxiliary lens 6 on tiie side of tterm^ 
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ter0, iEtfkJtti^^^ 

on Ihe focusing point of the objective lens 5. i.e.^ on the 
focusing point of the light by the auxiliary lens 6. The 
transparent dielectric media 21 and 22 are provided 
over the entire surface of thetransparent element 6b on 
the other side of the re'oofding nriedium 9/ 
[6057] Note that, the spherical lens 6a as an irite- 
gral unit with the transparent element 6b constitutes tiie 
auxiliary lens Sn^ h »alid irnniarsion lens (SIL). V 
[0058] As described, in the present embodiment, 
the device can be nilade srrult^^ the integral untt of 
MSR SIL which is composed of spherical lens 6a, trans^- 
parem sutsstrate 20, transparent dielectric media 21 and 
22. and repnxiuclng magnetic layer 7. 
[OOi59] In this manner, the magniato^ptical head of 
tfie present Inventibn Includes auxlHary lens 6. which is 



fero maghdfic h^eirial sui^ the magneti- 

zation of each atom is coupled in paralle^^^^^ 
[0064] The TbFeCo as used herein has tempera-^ 
ture dependency for saturation rhagnetization Ms as 
shown in Fig. a Since room temperature (RT.) makes 
up the compensation temperature, saturation rifiagneti- 
zatipn Ms at room temperature is 0. As the term Is used 
hereirip Compensatibn temperature refers to a tempera- 
tura at which Intensities of RE sub-iattlce magnetization 
: and TM subdattice mignetizatibn become vequal, and 
thus it is the t6mperatur€| at which ilie appar'eniea^^ 
tiori magnetization Ms t^ecornes 0, and the interisities of 
RE sub'iattice rnagnetizatibh and TM sub-lattice mag- 
netization are reversed at the temperatureis around the 
compensation tenpei^r^^^ Further, in TbFeCo. satura- 
tion rriagnefizatlon': Ms tates the' rreudmum vcdue; at 
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the described manner, the light is also converged on the : preferably composed of transparent element 6b indud- 
recording niediurh 9 by the hear field effect, therefore, ing repi^oducing magnetic layer 7. and spherical lens 6a 
the light beam 10b projectal would have a beam spot having nearly the same refractive irxJex as that of trans- 
diameter 0, whic^T is 1 /n (where n is a refractive index of parent element 6b, wherein tiie transparent element 6b 

auxiliary lens 6) of tiie beam spot diameter 0 which 5 and spherical lens 6a are piasted with each otiier. 
would have been obtained had ttie recording mediurii 9 [0O6O] ; With this arrangement, unwanted reflection 
was not provided with the auxiliary lens 6. at the auxiliary lens 6, due to a change in refractive 

[0053] Around the auxiliary lens 6 is provided a index can be prevented, allowing efficient use of the 
recording coil 8. When tiie device .is for reproducing light emitted from tiie objective lens 5. and it is possible 

pnly. the ooil.6 is not required. to to prevent adverse effect of a noise as caused by ^ray 
[0054] The ligfit reflected at tiie reproducing mag^ light, thus obtaining a stable reproducing signal. Fur- 
netic layer 7 or recording mediurti 9, after being con- ther. with this arrangement employing pasting of ele- 
. verted to paraifel riays by passing through the objective ments, the number of manufacturing steps and also 
lens 5. is reflected by tiie PBS 3 and enters a Wollaston manufacturing cost can be reducisd. 

prism (analyzer) 4 and is converged on a photodetectpr is 

12l)ya niultitens11. , © Recording Medium and MSR ReprodudngMe^^^ 

[0055] As descn*bed. themagnelo-optical record- nisrn : 
ing/reproducing device ol the present embodiment has 

a magnetOHoptical composite head on one side of tiie [0061] The following will describe, refemng to Rg. 

recording medium, wherein tiie magneto-optical head is 20 2, a structure of a recording medium and an MSR repro- 
comp05edofauxiliary lens6and reoording.a>il8. etc. ducing mechanism which are preferably used in the 

present embodiment. 

® MSR SIL (Solid Immersion LiKis) [0062] The recording medium 9 has an anange- 

ment in which a trarisparent dieliectric layer 25. record- 

[0056] Rg. 2 is a magnified view of tiie recording 25 ing layer 24. and transparent dielectric layer 23 are 
medium 9 and auxiliary lens 6 of Rg. 1. The auxiliary deposited on a glass or plastic substrate 26. Recorcfing 
lens 6 includes spherical lens 6a and transparent ele- is made on tiieTeobrding layisr 24. as indicated by tiie 
ment 6b which is prpvidied with reproducing magnetic black arrow, and each region confining the black arrow 
layer 7. wherein the spherical jens 6a and reproducinig makes up a magnetic domain (portiori which Is sche- 

magnetic layer 7 are pastied with each qttier. The spher- 30 matically parted to include tiie shortest recording mark). 
icaUens 6a is in the fbrm of an incomplete ^ere (e.g., [0063] The recording layer 24 employs TbFeCOi 
iiemisphere) of appropriate racfius r (e.g.. r = 0.5 mm). whiph is wkiely used in magneto-optical recording 
and is made of a material having a high refractive ind^ media. TbFeCo is an amorphdus altoy of FeGp as a 
(e.g., refractive index n =;i.5).^^^T^^ ; transition metal (r^ a rare 

6b is aflat plate having opposing parallel planes, and 35 earth metal ("RE" herdnafter). Furtiier. TbFeCo is a 
hasastructure in which a transparent dieleclric medium ferri magnetic material, in which TM rnaghetizatioh and 
21 , reproducing magnetic l^er 7, and transparent die- RE magnetization at& coupled ^H)arall6l to eiach 
lectric medium .22 are deposited on a transparent sub- otifier (directions of respective sub-lattice magnetization 
strstfe 20 which is made of a rtiaterial having almost the are opposite). In Fig. 2; black arrow indicates TM mag* - 

same refractive index as that of the spherical; lens 6a. 40 netization. and blank an-ow indicates saturation mag- 
The reproducing magnetic layer 7 is made to have an hetization Ms. wfiich is tiie difference of TM 
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150°C, and the Curie temperature (temperature at 
which magnetization disappears) occurs at aeO'^C. 
[0065] In reproduction, in-adiation of recording layer 
24 through reproducing magnetic layer 7 by the light 
beam 10b causes the reproducing layer 24 to generate 
a temperature distribution as shown in Fig. 2^ With the 
use of a r^roducing laser power which would niake a 
portion haying the highest temperature in the recording 
layer 24 to have a temperature of around 150*»C in 
reproduction, as shown, ih Fig. 2. the temperature rais^ 
portion of . the recorcfing layer 24 comes to have large 
saturation magn3ti2ation Ms. whereas in a region of 
lower . temperature, isaturation. magnetization Ms 
becomes smaller and reaches 0 at around room tem- 
perature. 

[0066] In recording layer 24. a temperature raised 
portion can be niade smaller than the beam spot diam- 
eter 0. and the saturation . magnetization Ms which, 
occurs in the temperature raised portion generates 
magnetic flux. As a result, the information of saturation 
magnetization Ms. in the region of ttie recording layer 24 
which is smaller than the beam spot diameter 0 is 
transfenred as magnetic flux fo the reproducing mag- 
netic layer 7. 

[0067] Here, the reproducing magnetic layer 7 has 
the same property as tiiat of the reproducing layer 63 
(see Rg. 13). Namely, tiie reproducing magnetic layer 7 
Is made of an alloy of rare eartii m^l and transition 
metal (RE-TM): Further, in the low temperature (room 
temperature) portion of tiie reproducing magnetic layer 
7. magnetization and saturation magnetization are 
directed within the plane of the reproducing magnetic 
layer 7. and because the composition of the reproducing 
magnetic layer,:? is, RE rich (su!>-lattice magnetic 
moment of rare earth metal at room temperature 
exceeds sub-lattice magnetic moment of transition 
metal), saturation magnetization and TM magnetization 
are found in opposite directions. The directions of satu- 
ration magnetization are aligned in accordance with the 
magnetic flux frqrrr thn recording layer >4 by being 
heated by a light beam. 



are aligned in accordaiicis with the magnetic flux from 
the recording mark 27, thus increasing tiie area of a 
region which reflects incident light by rotating the polar- 
ization direction of the light in accordance witii the infor- 

5 mation of the recording mark 27. As a result, tiie 
quantity of the reflected light containing infbrmation of 
the recording mark 27 is iricreased, and tiie reproduced 
signal anplitude can be made larger, tiius realizing sta- 
ble reproduction even when recordirig mark 27 is 

w reduced. 

[0071] The foUowing will describe tiie reason for 
making the area, of the ireprodudng nrtagnetic layer 7 
larger titan the area of the recording malic 27, and, also, 
referring to Figs. 4(a) and 4(b) and Rg. 14; the reason 

15 why the reproducing magnetic layer. 7 is aligned alto- 
gether in accordance witfi tiid magnetic flux from tie 
recording layer 24. The problems associated witii repro- 
duction ih a conveptiorial MSR: magneto-optical record- 
ing medium are ais described above with reference to 

20 Fig. 13and Rg, 14.. 

(P072] Considering the case where tiie area of tiie 
reproducing layer 63 as shown in Fig. 14 is reduced to 
the size riearly the same as the beam spot diameter 0 
as shown In Rg. 4(a). it can be seen tiiat tiie area of the 

25 reproducing magnetic layer 7 is reduced to the size of 
substantially the beam spot diameter 0 as compared 
witti Fig. 14 (area of reproducing magnetic layer 7 is 
nearly equal to the area of the light spot of the con- 
verged light), and Rg, 4(a) shows that only D". E". and 

30 F" exist as TM magnetization. The saturation magneti- 
zation of E** is in accordance with the magnetic f |ux from 
tiie saturation magnetization of magnetic domain E of 
Fig, 4{b). as with Rg. .14. However, while the TM mag- 
netizationof DV arid F'Vis subject tothe.exc^ 

$5 from to be directed in a perpendicular direction, since 
ttiere exist no magnetic dortiains C and G*. there is no 
force which acts to direct tiie TM magnertizatbn of D** 
and P in an in-piane direction: Thus, the TM magneti- 
zation of D" and F" is directed In a perpendicular direc- 

40 tion by the exchange force from the TM magnetization 
of.E". • 



magnetic layer 7 is iaifjgiBr tt^ tfie beam 8pot\<ficimeter^ 
0. Since the directioris of magnetization of tfie repro- 
ducing magnetic layer 7 are aligned over the entire layer 
in accordance with the magnetic f lux from the recording 
layer 24, the iriformatipn of recording mark 27 is trans- 
ferred to tiie region which is larger than the beam spot 
diameter0, and the region plays a part in reproduction, 
tiius ensuring that the amplitude of a reproduced signal 
is hot r»juced even when tiie recording mark 27 is 
reduced, thereby irnproving recording deris^^^^ 
[0069] As descrit^. the magnetoK)ptical head of 
the present invention includes reproducing magnetic 
layer 7 which is preferably provjded to be larger tiian the 
recordirig mark 27 recorded on tiie recording medium 9. 
[0070] With this ariangeineht ttie directions of 
magnetization jn an^ area, larger than reoading mark 27 = 



area of reproducing mag layeir 7 to the size near 
: tiie beam spot diamcrter iSii. it is possible to have an 
45 effect of magnifying and transferring tiie recording mark 
of tiie recording teyer 24 over tiie entire layer .of tiie 
reproducing magnetic layer 7. 



f Trackfnjs Method and Focusing Metiiod 



60 



[0074] Rg. 5 is a schematic diagram of a device 
, . used for the experime^^^^^ 

.I(i675i Light ray lO from laser diode (light source) 1 

reaches the recording layer 24 (see Rg. 2) of the 
56 recording medium 9 by travelling through collimator lens 

2. relay lenses 51 and 52, PBS 3, stand-up niirrdr 53. 
. ofc>i6Ctive lens 3. and auxiliary : lens .6;. The recbrding 

layier 24 of the iecording medlUm S is pipvidck^^ nipre . 
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toward the upper surface of the recording medium 9 
(toward the side where auxiliary, lens 6 Is provjded) so , 
as to allow the. magneto-optical head to carry out- : 
recording and reproducing of information more eff^- 
tively s 
[0076] The light reflected at the reproducirig mag^ 
netic layer 7 and the recording medium 9 is incident on 
the Wollaston prism 4 through PBS 3. By the polariza- 
tion splitting effect of the Wollaston prism 4, the 
reflected light from the recording medium 9 is separated to 
into two polarization components (P pc^arized light and 
S polarized light) which oscillate orthogonal to each 
other, and thus the Wbltaston prisn 4 acts as an ana- 
lyzer. The two polarization components emerge from 
the Wdlastori prism 4 at a separation angle (1 to several is 
degree wth the wavelength of LD off 635 nm). The ' 
reftecAed light eimerged from the Wbliaston prism 4 the 
passes through the mutti lens 11 having a sufficiently 
wide incident plane with respect to the light beam, and 
the two lightbeiams. while being converged, are inctdent 20 
on a photodetector 12 which is divided into two sec- 
tions, respectively corresponding to the two light beams. 
[0077] By the magnetization of the repiroducing 
magnetic layer 7; which was magnified and transfen-ed 
from the magneto-optical signal recorded on the record- 26 
ing layer 24 (see Rg. 2) of the recording medium 9, the 
polarization plane of the rdlected li^ is rotated with 
respect to the polarization plane of the indderit light. By 
this effect.ithere occurs a change in light intensity of the 
orthogonal: two polarization conrponents of the reflected 30 
light and accordingly there occurs a change in output of 
the two light receiving sections of the j3hotodetector 12. 
Magneto-opticaDy recorded information can be repib- 
duced by measuring this change in output , 
[007B] Note that, the ai>ove descrit^ed the case 35 
where the Wollaston fxism 4 splits light into two polari- 
zation components. However, th<i light may be.split into 
three light beams of P polarized light; S polarized light; 
and P + Spolarized light, whereby the P + S polarization 
component may be used br focusirig control. Further, 40 
the photodetector 12 may be divided Into two or more 



Jj3!S^ra?eiyi!^ 

trdi^u^fcK^ . i ; - : 

[0079]. Therecordltigmediurn9isrotatedbyaspinr 
die nxytpr 55^ and the direction of the rotation is perpen- 45 
dicuiar to the plane of the paper. Table 56 mounting the 
stahd'Up minor 53. and support cylinder 58 securing, 
objective lens 5 and auxiliary leris 6 are linked to each 
otheir by spring (gimbal) 57. and the auxiliary liens 6 trav- 
els over the recording medium 9, floating Lhereoii. The.: so 
angle of objective lens 5 is adjusted such that the paral- 
lel rays are converged on the/eprodudtig magnetic 
layer 7 of the auxiliary lens 6 wherl incident oh .the . . 
objective lens 5, and the angle thus adjusted is fixed by 
the siupport cyjirKier 58. The: table 56 mountiiiQ thia ss ' 
stand-up mirror 53 is moved in the radial directibri of the 
diisk(recordirig:medium9)by.ashaft59; 
PM)80] : As described, the optical system of the f 



present embodiment Is composed of (A) fixed opttoal 
system F which includes light source (LD) 1, PBS 3. 
Wollaston prism 4, and photodetector 12, etc.; and (B) 
mobile optical system.M which includes stand-up mirror 
53 provUed on table 56, objective lens 5. and auxiliary 
Iens6.etc. 

[0081] The following win describe a tracking opera- 
tion of the device. 

[0082] When eccentricity of the recording medium 9 
is large, in an order of several microns, and when the 
moving track distance in the track jump operation is 
large, first, the table 56 mounting the stand-up mirror 53 
is rinoved along the shaft 59. After this rough control, the 
support cylinder 58 is driven by an actuator (not shown) 
to accurately control the position of light t>eam 10b on 
the recording medium 9. 

[0083] On tfie other hand, when the eccenfridty of - 
the recording medium 9 is notably small (eg.. T riticron ; 
or less), and when tfie moving track distance in the trad< 
jump operation is large, tracking may be canied out first 
by moving tfie table i56 mountirig the stahd-up mirror 53 
atohg the shaft 59, and thereafter by driving the relay 
lens 52 t)y ari actuator (driving means) 44 so as to con- 
trol the relay lens 52 In a direction of the anow d (paral- 
lel to tiie plane of the paper). This rnethod has the 
advantage of speed over the case where tracking con- 
trol is can'ied out by driving the actuator (not shown) 
the support cyHnder 58 on which the objective lens 5. 
auxiliary lens 6, and recording coil 8 are fixed because 
the only driving load in this method is the relay lens 52. 
[0084] However, here, one caution must be taken. 
As noted above, when the projection area of the beam 
Is.off the reproducing magnetic Iayer7, tiie quantity of 
reflected light is reduced,: and thus tiie range in which 
the beam spot position of the light beam 10b can be 
changed by drivirig the relay lens 52 fs lirnited withih the 
domain cif the repitxiudng nriaghetk^ layer 7 
[0065] Meanwhile, when the eccentricity of the 
recording medium 9 is notatsly small; and when the 
moving track distance in tiie track jump operation is 
small (over seviarar tracks), or ih the case of conti nubu s 



tracldng), bhly tiie driving d relay lens 5^^^ 
[0086] Iri either case, whether to dnve the support 
cylinder 58, or to drive tiiei relay lens 52 is determined 
based on the eccentricity of tiie.reoordihg medium 9 to 
be used. 

[0087] Note that, in the above descripficm. triac^ 
contiix)! is made by moving Uie re|ay lens 52. However, 
the sarne^ eftoct can be otrtsuned by moving the collima- 
tor lens 2 In a idirectiori of the arrow d in Rg. 5. In such 
a ca8e,. the relay lenses.Si arxJ 5i2 are niot particulariy .; 
required: However, when focceing ark] tirackihg cohtirol 
are to be c^ed out by moving the ^^c^^^^ lens 2. k . 
ditncultyariseB in alignment of the other bptici^ system. - 
Thtis. in the present embodiment, after cdlimating the:: 
diffused light frorn the LD I by the poillrriatbr Ieris2. the 
positioning relationship of the two is fixed by an adhe- 
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sive. etc., and the posHion adjustment of vaiious.opttc^^ 
systems is mcuie vyiih the useof thecolllnnated light, and 
focusing and tracking control are carried, out by the posi- 
tioning control of the relay lens 52. 

[0088] Further^ even though, focusing is in principle s 
not required, it is carried out nonetheless to compen- 
sate for waving of the siAstrate of the transparent ele- 
ment 6b by moving the relay lens 52 in a direction of the 
arrow c (parallel to optical axis). That is. when the relay 
lens 52 is at a ready posilipn. the light emerging.from io 
the relay lens 52 takes the form of cojlimated light, and 
it is focused on a predetenrnned focusing point by the . 
objective lens 5 arid relay lens 6. Meanwhile, when the 
relay lens 52 is moved back and forth from the ready 
position, the light emerging from the relay lens 52 takes is 
the form of converged light or diffused light, and accord- 
ingly the focusing point of the light by the objective lens 
5 and auxiliary lens 6 is shifted frorrt the predetermined 
position in respective directions. Focu^ng control is car- 
ried but by this operation. 20 
[0089] In this maYmer. by separating the optical sys- 
tem to reduce the weight of the mobile optical system, 
fast mobility can be realized while maintaining the 
required moving distance. 

[0090] The vartous types of desatoed control are 2S 
earned out by a controller (control means) 42. A control 
program is stored beforehand In a non-volatile memory. 

etc. . 

[0091 1 As described, the magneto-optical device of 
the present invention preferably includes: a mobile ppti- 3o 
cal system M which includes the desalbed magneto- 
optical head; a fixed optical system F which includes a . . 
laser diode 1 for emitting light, a relay lens 52 provided 
on an optical axis, an actuator 44 for, changing, a posi- 
tion of the relay lens 52 with respect to the optical axis, ss 
and a photodetector 12 for receiving reflected light 
which includes information which is generated frorn pro- 
jection of the light oh tiie recording Ic^r 24; and a con- 
troller 42 fior controlling a projection position of the light 
on the recording medium 9. in which the cnntrnller car- 40 
ries out posation al control of tiie relay lens 52 by driving 
^^'HHie-ac^ 

within a domain cif the reprodudng magnelfo layer. 7, 
and the cbntrpller carries out positional control of the ; 
mob'le optical system M when a target position of the 4s 
light is outsde of the domain of tiie reproducing mag- 
netic layer 7: 

[OC^] Wth tWsanangement,w:hen the distance of 
the projection position to be moved is relatively small, 
the projection positioh Is, moved only by moving tirie pu 
relay lens 52. by which a less load is put on tiie actuator 
44 and fa^; control Isreallz^^^ 
the distance of the projection position to be moved is 
relatively large, positional cdntror is carried out by the 
mobile optical system M, by which a re^ 55 
duced signal aht^ntude due to deviatibn of the light off 
the reproducing magnetic layer 7 can be.prevent^. 
[0093] As described, with the use of the MSR sIl of . . 



tiie present embodiment, the recording mark of the 
recording layer (see Fig! 2) can be transfen-ed to tine 
reproducing magnetic layer 7 upon magnification, and 
ttius it is possible to prevent the anpHtude of a repro- 
duced signal from being reduced eyeri when reproduc- 
Big a smaD recorcBng mark. As a result, high density 
recording and reprpdudng can be realized. 
[0094] Though omitted in the described embodi- 
ment, the reproducing magnetic layer 7 of the auxiliary 
lens 6. and tiie transparent dielectric media 21 and 22. 
are designed with a material and tiiickness which would 
increase the Kerr rotation angle of the reproduced light, 
and they are selected to bring the recording layer .24 
and reproducing magnetic layer 7 as close as possible 
so that the magnetic flux generated from the recordirig 
layer 24 is easily transfen'ed. However, in accordance 
witii the present invention, the material and thickness of 
these elements are not just limited to tiie specified ones 
uised in the present embodiment 
[0095] Further, recording of irrtonnation can be 
made by inputting a modulation signal based on: tiie 
information to the coil 8 simultaneously wJtti the laser 
projectiori. This metiiod is equivalent to the'cofiven- 
tiorial recording method on the magneto-optical disk. 
Specifically, recording is made by projecting light ray 10 
from ttie light source 1 on tiie reconting medium 9 
tiirough the auxiitary lens 6 to raise tiie temperature of 
ttie recording layer 24 to tiie temperature in the vicinity 
of the Curie temperature, and by applying an external 
magnetic field by the coil 8 to the portion of the record- 
ing layer at which the coercive force has decreased. 
[0096] As described, tiie magneto-optical head of 
tfie present invention preferably includes a coil 8 which 
generates. ^ the time of recording information,; mag^ 
netic flux which is in accordance witii information to be 
recorded, and which is proykJed around :the auxiliary 
lens 6. 

[0(K97] With this arrangement recording (writing) of 
information on the recording medium 9 can be made by 
applying a ma^etic field of a direction in accordancfii 
with the information to b e recorded with tiie tse of Jhe _ 

cbhdition where: tfie temperature of a portion of tiie 
recording layer 24, which portion is to iridude a record- 
ing mark is raised to a tenperature at which tiie coer- 
ave force is sufficiently reduced by increasing tiie 
energy of the light to be projected on the recording layer 
24: As a result, recopding and reproducing of infonna- 
tion can t)e made with higher density than the conven- 
tional example witii the use of a single magneto-optical 
head. • f;. 

(Example 1] 

[OOSfS] F=ng. 6 shows a relationship between repro- 
duced signal amplitude and mari^ length of a recording 
mark, which compares tiie case where ah MSR record: . 
Ing medium 9' (sise .Fig. 12 to be mentioned lata^) :ls 
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reproduped by the oonventional SIL and the case where 
an MSR recording medium 9 is reproduced by a non- 
MSR iSIL utilizing MSR of the present irivention: 
[0099] In both cases, the beaim spot diameter 0 is 
0.6 ym, and the diameter of the reproducing magnetic 
layer 7 (see Rg. 2) of the MSR SIL is 0.8 ^m. The repro- 
duced signal amplitude is normalized by the amplitude 
which was used to reproduce the recording mark of 0.6 
^m. It can be seen that with the use of the MSR SIL of 
the present invention, smaller recording marks can be 
reproduced. 

[0100] Note that, the conventional SIL optical sys- 
tem as used in this comparison is as shown in Fig. 1 1, 
and except for the auxiliary lens S\ which is not provided 
with the reproducing magnetic layer 7. the arrangement 
thereof is the same as that of Fig. 1 . Also, the other opti- 
cal elements used are also the same as those shown in 
Fig. 1 and they are given the siamerefei'ence numerals. 
[0101] Fig. 12 shows an arrangement of the record- 
ing medium 9' which was used in the experiment to 
reproduce the MSR recording medium by the conven- 
tional Sm and also the an'angement of auxiliary Jens 6'. 
On glass substrate 1 15. there are provided transparent 
dielectric layer 114, recording layer 113, transparent 
dielectric layer 112. reproducing layer 111, and trans- 
parent dielectric layer 1 10. The material and thickness 
of each layer are as follows: transparent dielectric lE^er 
114, rnade of AIN in 40 nm; recording layer 113, made 
of TbFeCo in 40 nm; transparent djelectric layer 112. 
made of AiN in 10 nm; reproducing layer t1 1 , made of 
GdFeCo in 40 nm; and transparent dielectric layer 110. 
made of AIN in 30 nm. This is the arrangement of a con- 
ventional MSR recording medium in which reproducing 
layer 1 1.1 Js provided within the recording nr)^ 
[0102] Fig. 7 shows an arrangertient of the record- 
ing medium 9 used in the experirnent of reproducing the 
non-MSR medium by the MSR SIL of this present inven- 
tion, and also the arrangemertt.crf auxiiiary Iens 6: Fig. 7 
is a simplification of Ftg: 2, and shows that transparent 
dielectric layer 25. recording layer 24. and transparent 
dielectri c layier 23 are deposited on a plastic subs trate 

20 nm.lhe recoidihg layw 2^^ is linade off TfaFeCd in 40 
-nm. and the transparent dielectric layer 23 is made oil 
AIN in 10 nm. Indicated by T* is a reproducing magnetic 
layer, and it is provided on the auxiliary lens 6. With this 
arrangerrient, information is reprodiiced by transferring 
the reoordihg mark which Is recorded on the reoondlng 
layer 24 of the recording medium 9. onto the reproduc- 
ing magnetfc layer 7 which is integrally provkled on the 
auxiliary lens 6 on the side of the recording medium 9. 
IPl93j Fig, 8 Is a graph which shows the relatlori- 
ship l:^tween the diameter of this reprolucing magnetic 
l^er 7 of the auxiliary lens 6 and the reproduciad signal , 
amplitude of a recording mark of 0^1 ^m. The curve is 
normanzed by the reproduced signal amplitude wheri 
the dlaji>ete.r of the reproduced sigriai amplitude 7 was . 
at 0.6fim..'^- : . 



.[0104] . When the diam^er of the reproducing mag-^ 
netic layer 7 exceeds 1.5 ^m, as rioted in Rg. 14. a 
transfer mark Is reduced and almost no nwk is trans- 
fenred. When the diameter of the reproducing magnetic 

5 layer 7 becomes 1.5 pan or less.^ the force acting to 
reduce tije transfer mark weakens gradually and trans- 
fer begins. As the diameter is further reduced, the trans- 
fer mark becomes larger. At the diameter of around 0.8 
pm. the recording mark is conpletely transferred onto 

10 the reproducing niagnetic layer 7. As the diameter of the 
reproducing magnetic layer 7 is furtiier reduced to 0.5 • 
^m or less, the diameter of. thef reproducing magnetic 
layer 7 becomes smaller than the bearh spot diameter 
0, and the quantity of the light associated with repro- 

is duction starts to decrease. Accordingly, in such a 
region, the reproduced signal amplitude becomes 
smaller. Thus, it is preferable that the diameter of ttie : 
reproducing magnetic layer 7 is nearly the same or 
larger tfian the beam spot diameter 0, and not more 

20 tiian 10 times the size (diameter) of the recordinig mark. 

[Example 2] 

[0105] The following will desert a manuMcturing 
25 mettiod of the MSR SIL of the present invention refer- 
ring to Rg. 9(a) ttirough Rg. 9(e). 
[0106] Rrst as shown in Rg& 9(aj and 9(b). on a 
flat glass substrate having a r^ractive index of 1.5 
(transparent substrate 20), AIN is deposited as trans- 
30 parent dielectric medium 2i in a thickne^ of 30 nm by 
sputtering. Then, by placing a masK QdFeCo is depbs- 
ited as reproducing magnetic layer 7 in a thickn^ of 40 
nm in a disk shape with the diarrieter of 0.8 ^irri. and 
after removing ithe. mask. AIN is d^DOsited again In 10 . 
3$ Jim as tiie transparent dielectric medilirn 22. 
^ [0107] Then, as shown in Rgs. 9(c) and 9(d). the 
. substrate is cut to cbtEuh transparent element 6b, which 
rnakes up a portion of the auxiliary lens 6 of the MSR 
SIL The A side of the transparent elenient 6b faces the 
40 medium, and. as shown iri Fig. 9(e). tn the B Ridia of the 
„ trahsjparent elenie ht 6 b is atteched spherical leiis 6a = 

etc.. having ; the sarrie or nearly the same refraciive 
index (here, around 1 .5) as that of the spherteal lens 6a 
and transparent element 6b to paste tine two elements, 
unwanted reflection, etc., cian be prevented: The auxilT 
iary lens 6 of the MSR SIL is obt^hed In this manner. 



45 



50 
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[Examples] 

[0108] The folloyving will describe a manufacturing 
niethod of another MSR SIL of tf^d preddnt Invention. . 
[0109] - In Rg. 1, coil 8 for generatirig a recording 
magnetic field is provided around the auxiliary leris 6; In 
the MSR SiL used in the present Exanplid; coil 8 is pro- 
vided within the auxiiiarylens 6. With this arran^merit. 
the coil 8;a6 shown^in fig. 5 <^ be ellmlnated;^^^ 
sight and the weight d tiie elemeri^ supported the 
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suppon cylinder 58 can be reduced, thus having the 
effect of easier tracking. 

[011O] Hgs. 10(a) and 10(b) show the manufactur- 
ing method. Namely, after providing coil 8 on the glass 
substrate (transparent substrate 20) by wafer process, s 
transparent dielectric medium 21 . reproducing magnetic 
layer 7, and transparent dielectric medium 22 are pro- 
vided. Thereafter, as with Rg;9(c}, the substrate is cut, 
and as with Fig. 9(e). the substrate is attached to the 
spherical lens 6a to obtain auxiliary lens 6; The same w 
effect as that of Example 1 was obtained with the auxil- 
iary lens 6 as manufactured in this manner 
[Oil 1 1 The invention being thus described, rt will be 
obvious that the same way may be varied In many ways. 
Such variations are not to be regarded as a departure is . 
from the spirit and scope of the invention, and at! such 
mocfiftcations as vyould be obvious to one 'skilled in the 
aft are intended to be induded within the scope of the 
following claims. 

aalm$ 



A magneto-optical head for carrying out recording 
and reproducing on a recording medium (9) having 
a recording layer (24) which has a maximuni value ss 
of saturation magnetization between room temper- 
ature and a Curie temperature, 

said magneto-optical head comprising: 

an objective lens (5) tor converging light for so 

raising a temperatuire of tfie recording layer 

(24): 

an auxiliary lens (6) for projecting the con- 
verged light on the recording layer (24) by 
increasing an effective numerical aperture; and ss 
a reproducing magnetic layer (7), provided on 
said auxiliary lens (6), for reproducing informa- 
. tion recorded on the recording layer . (24) by 
temporarily . enhancing and tranisf^ing the 
information, ^ 

said . reprodu cing ma g netic layer (7) being pro - 

^S^^A^^^FaiMS^^ 

fiijit is projected. : 



with each other. 

4. The magneto-optical head as set forth in daim 3,: 
characterized in that said lens elenient (6a) is a 
spherk»l lens, and a centei' of a sphere of the 
spherical lens (6a) is set to be on a fbcusing point of 
the ok)iective lens (5). 

5. The magneto-optical head as set forth in claim 4, 
characterized in tliat the reproducing magnetic 

. layer (7) is set to be on tfie focusing point of the 
objective lens (5). 

6. The magneto-optical head as set forth in claim 3, 
characterized in that said transparent element (6b) 
includes a transparent substiieite (20) to be pasted : 
with the lens element (6a). and two layers of trans- 
parent dielectric medium (21 , 22) which are depos- 
ited on the opposite side of the surface of the 
transparent substrate (20) to be pasted vvith tiie 

. iens. element (6a). and 

the reproducing magnetic layer (7) is provided 
between the two layers of transparent dielectric 
medium (21, 22). 

7. The nragneto-optical head . as set forth in daim 6, 
characterized in that sard transparent dielectric 
medium (21, 22) is made of AIM. 

8. The magneto-optical head as set forth in any one of 
. claims 1 to 7, characterized in that sakJ reproducing 

magnetic layer (7) is provided to be larger than .a 
recording mark (27) which, is recorded on tie 
recording medium (9). 

9. . The magneto-optical head as set forth In any one of 
daiinis I 'to 8, Characterized in that an area of the 
reproducing nmgnettc layer (7) is neariy equal to a 
spot area of the converged light 



2. The magneto-optical head as set forth in daim 1. 45 
cfiaraicterized by inducfing a coil (8) for generating 
magnetic flux which is In aocpiidance with informa- 
tlpn to be recorded, said coQ being provided aK)und 
tifte auxiliary lens (6) .^nd generating magnetic flux 
when riscording in^rnation. 

3k The magnetp-optical head as set forth in claim 1 or 
2, characterized in ttiat said auxiliary leris (6) is 
composed of a tran^rent element :(6b) having the 
reproducingmagnetic layer (7), and a lens.eleftient 55. 
(6a) having a refractive Index nearty equal to that of - 
. the transparent elemern (6b). said transparent ele- 
ment (6b) arid sal^lens elemem (6a) be^^^^ 



il!Kiwr^ 

daims VI to 9. .chsiradterized in that a direction 6f 
saturation magnelization of the reproducing mag- 
netic layer (7) is found within a plane of the reprp- 
dudrig magnetic layer (7) at, room temperature.- 

11 : The magneto-opttoal head as set forth in; any one of 
daimsf 1 to 10, characterized in that the reproducing 
magnetic lay^r (7) le made of ar^ alloy of rare earth 
metal and.transition metal. 

12i The magrieto-bpticat head as set forth |n claim 11, 
characterized in that . the . repnoducihg . magnistic 
layer (7) is rhade of QdFeCo> 

13. The magnelp-opttcal head ^ set forth in claim 11, 
charapterized in that a direction of magnetizatioh of 
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the transition metal is found within a plane of the 
reproducing magnetic layer (7) at room tempera- 
ture, and a direction of saturation nnagnetization of 
the reproducing magnetic Jayer (7) and the direction 
of magnetization of the transition metal are oppor 
. site to each other. 

14. The magneto-optical head as set forth in anyone of 
claims 1 to 13, characterized in that directions of 
magnetization of the reproducing magnetic layer (7) 

, are aligned in accordance with ntagnetic flux from 
the recording layer (24) when reproducing the 
recording medium (9); 

15. A magneto-optical deyice having the magneto-opti- 
cal head of any one of clainis 1 to 14. 

16. Amagneto-optical device having a magneto-optical 
head of any one of claims 1 to 14, comprising: 

k hiobile optical system (M) having the mag- 
neto-optical head; 

aifixed optical system (F) which includes a light 
source (1) for emitting light, a relay lens (52) 
provided on an optical axis/driving means (44) 
. for changing a position of the relay lens (52) 

with respect to the optical axis, and a photore- 
ceptor (12) for receiving reflected light which 
includes information which results from projec- 
tion of the light on the recording layer (24); and 
e.: corrtrol means (42) for controlling a projection 
. . position of tiie. light on the recording medium 
(9), said cbnfrol means (42) canrying out posi- 
. tional control of the relay lens (52) by driving 
the driving means (44) when a target position 
of thiB li^ is within a domain of the reproduc- 
ing magrretic layer (7), and said control means 
(42) canrying out positional control of the 
mobile optical system when a target position of 
the light is outside of the donnaln of the rApro- 
dudng magnetic layer (7)! 
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1 7. The rhagheto-bpticat device as set fbrth In cliaini 16. 
characterized In that the driving means (44) is an 

. actuator 

18. A metiiod for magneto^optically recording and 
reproducing infbrmation usirig a magneto-optical 

. hesKi offanyoneof .dairns I to14, 

characterized in that, in reproducing, light is 
: projected on the reicordlng lay^r. (24) via the 
reproducing rna^etic layier (7) prqvided on the 
auxiOary lens (6). and infon^ 
the recorcfing layer (24) is transferred lo. the . 
reproducing magnetic layer (7) by magnetic 
flux generated from the recording layer (24) so 
as to reproduce the informktiori using reflected; 



. light from the reproducing magnetic layer (7) . 
and 

in recording, light is projected on the recording 
layer (24) by varying an energy of the light from 
that used in reproducing, and an external mag- 
netic field based on information to be recorded 
is applied so as to record tiie information on the 
recording layei* (24). 

19. A rnajgneto-optical head for reproducing informatfon 
of a recording mark (27) of a recording layer (24) of 
a recording medium (9), comprising: 

an objective lens (5) for converging light on the . 
recording layer (24) of thie recording medium 
(9): 

an auxiliary lens (6) for allowing the light to 
travel toward the recording layer (24) by a near 
field effect by increasing a numerical aperture 
of ttie objective lens (5); and 
a reproducing magnetic layer (7) for reproduc- 
ing information of a recording mark (27) by 
enhandng and tiansferring magnetic flux which 
was generated only from a single recording 
marie (27) of tiie recording layer (24) by heat of 
the light fallen on tiie recording layer (24), 
tiie reproducing magnetic layer (7) being pro- 
. vided on a side of tiie auxiliary lens (6) toward 
which tiie light travels. 



30 



20. The magneto-optical head as set forth in claim 19, 
characterized in that a disuneter of tiie reproducing 
magnetic layer (7) is not less tiiah a beam spot 
diameter of the converged light, and is not more 
35 tfian ten times a diameter of the recording mark 
(27). 



21. A magneto-optical head for reproducing information 
recorded on a recording medium (9) which gener-' 
magnetic flux baded on recorded information 
by t^ing heated , said magneto-optical head beang 

^"v ";:pfg^^ 
nriedium(9). 
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said magneto-optical head comprising: 
an optical system for converging light on a sur- 
face facing the recording rtiedium (9); and. 
a r^rddudng magnetic layer (7) which is pro- 
vided on a position on which the converged 
light is projected, and In which directions of sat- 
uration niagnetizatidn are aligned in accord- 
ance with . maignetic flux from the disposing 
recording medium .(i9); - 

22. The magneto-optical head as set forth in claim 21 , 
characterized in tiiat tiie optical system Includes iari 
. ; objective tens (5) for converging light ori the surface: 
^Irtg the recording medium (9), and a sphericail 
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lens (6a] of a sphere whose center is on a focusing 
point of the objective lens (5). 
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